There is no single agent currently available that represents a cure for osteoporosis. Various anabolic and antiresorptive therapies have been combined, following different protocols, to attempt to attain superior bone mass and strength compared to monotherapy. There is a great deal of misunderstanding about results of these trials. The small randomized, blinded study in men with osteoporosis in this issue of the journal [1] , evaluating a previously untested combination of teriparatide and risedronate compared with either agent alone, might help encourage some reconsideration of combination therapy for treatment of osteoporosis.
In trying to interpret the many different combination therapy studies [2, 3] , it is important to make some distinctions between the populations that have been studied: previously untreated individuals receiving two agents concomitantly and individuals on established antiresorptive therapy where the anabolic agent is combined with continued antiresorptive therapy. While there are some parallels between these two populations, differences in the magnitude of active bone surface, effects of acute antiresorptive agents on parathyroid dynamics, and perhaps unique acute effects of antiresorptive agents on osteoblast function might all play a role in producing distinct responses to combination therapy in previously treated vs treatment naïve individuals. A third population of individuals who have been on prior bisphosphonates in the recent or remote past has not been adequately studied.
Several lines of work suggested that in patients who had already been treated with an oral bisphosphonate such as alendronate, there might be different effects in those who switched to teriparatide [4] [5] [6] vs those in whom teriparatide was added [7] . In general, hip BMD declines in the first 6-12 months when teriparatide is given alone to these pretreated patients, whereas bone density increases modestly in those on combination treatment. In the only study to directly compare the effects of switching to teriparatide vs combining teriparatide with ongoing alendronate (in women who had already received prior alendronate for an average of over 4 years), DXA BMD changes in both spine and hip were greater in those randomized to combination therapy than teriparatide alone [8] . Furthermore, volumetric BMD of the hip declined in those who switched to teriparatide and increased in those who received combination therapy [9] . Although strength of the hip did not actually decline in the teriparatide alone group, hip strength increased in the combination group [9] . These findings have very important implications for the clinical use of teriparatide in patients who have received prior antiresorptive therapy and are at high risk for hip and other skeletal sites that are rich in cortical bone. It may be that the withdrawal of the bisphosphonate actually facilitates an exaggerated bone resorption response to teriparatide [8] and offsets the expected positive bone balance, particularly in the cortical skeleton where there is little incorporated bisphosphonate.
Some of the findings in this pretreated population can be applied to those of combination therapy studies in the treatment naïve population. In several of these studies, there was no apparent difference at 12 months in the response of spine BMD measured by DXA to combination treatment versus PTH or teriparatide monotherapy [10, 11] , whereas a greater increase in hip BMD was seen with combination treatment compared to teriparatide alone. Even a short-term study of teriparatide plus raloxifene was consistent with these findings [12] ; there was no difference in spine BMD accrual between combination and teriparatide alone groups, whereas there was a greater increment in hip BMD with combination therapy versus teriparatide alone at 6 months. In the small but well-executed study in this issue of the journal [1] , a greater increase in hip BMD was seen with combined teriparatide plus risedronate versus teriparatide monotherapy.
The results from investigations in treatment naïve and treatment experienced individuals are consistent with a recently published trial with unique design. Muschitz et al. [13] investigated women treated with teriparatide for 9 months and then randomized to remain on teriparatide alone or add alendronate or raloxifene plus ongoing teriparatide for an additional 9 months. The BMD gains at the end of the study were significantly greater in both spine and total hip in the teriparatide/alendronate combination group compared to teriparatide alone. Consistent with the bone density results, with alendronate addition at 9 months to ongoing teriparatide, both PINP and CTX declined, the latter more prominently.
In the Walker trial [1] , there are some inconsistencies compared with prior data that deserve mention. There was no significant difference between the spine BMD response of the combination (?6.95 %) or teriparatide group (?5.68 %) compared with the risedronate group (?3.76 %). The lack of statistical significance here is likely due to the very small sample size (9 completers per group). It is also surprising that there was no increase in spine BMD in the teriparatide group between 12 and 18 months (in fact there was a suggestion of decline). Similarly, there was no increase in BMD of the hip or femoral neck between 12 and 18 months in the teriparatide group. The modest BMD increments in this male population are consistent with another teriparatide study in men [14] and might relate to gender-specific pharmacokinetics with teriparatide, with lower systemic exposure in men, perhaps based on body size and weight or other factors [15] . In contrast to the minimal or nonexistent effects of teriparatide alone between 12 and 18 months at all sites, in the combination group the BMD effects were quite prominent in spine and hip between 12 and 18 months; however, at 18 months, only at the total hip did the difference in BMD gain between the combination and teriparatide groups achieve significance.
The most unique finding in this combination study was that the biochemical marker levels for both the formation and resorption markers (PINP and CTX) increased above baseline for the entire duration of the trial. With the PTH plus Alendronate [10] and Teriparatide plus Zoledronic Acid [11] trials, in the combination group, biochemical markers were below baseline for all or most of the 1-year study duration. Perhaps the difference relates to risedronate's modest antiresorptive potency (at the dose utilized, compared to alendronate or zoledronic acid). In the study by Deal et al. [12] , where teriparatide was combined with raloxifene, another low potency antiresorptive agent, the PINP level also increased above baseline at all measured time points (1, 3, and 6 months) and the CTX level was above baseline at 3 and 6 months.
It is clearly time to re-evaluate the potential benefits of combination therapy, with a careful attention to effects on both spine and hip. In patients who have previously received bisphosphonate agents, there is no question that different results are achieved at the hip and perhaps other sites rich in cortical bone with combination vs individual therapy. The current study by Walker et al. adds to the growing literature that suggests that even in patients who have not been on bisphosphonate treatment previously, a superior hip BMD response might also be achieved with combination therapy (in this case, teriparatide plus risedronate). These differences might be clinically meaningful, particularly for patients at highest risk for hip fractures, including those who have had a recent hip fracture, multiple prevalent fractures, or extremely low hip BMD.
